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ABSTRACT

Instrumentation and a new valving system is designed
and built for use with an expansion type cloud chamber.
Digital equipment is used for timing to improve reliability.
accuracy, and flexibility, and a servo system is built using
a lead compensator circuit which improves the servo system
typically used with cloud chambers.

Special care was taken

to eliminate the sources of noise that appear in the amplifled signal from the pressure transducer.

The equipment

needed to measure, record, and calibrate the pressure inside
the chamber is built.
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I

STATEMENT OF THE PROBLEN

In his study of re-evaporation nuclei, Dawbarn 1
observed a large anomalous population of microscopic
droplets, a phenomena he termed the halo effect.

This

effect was observed when re-evaporation nuclei were grown
in the presence of a high electric field.
The objective of the present work is to design the
instrumentation for an expansion type cloud chamber
(similar to the one used by Dawbarn in his study) for use
in the Electrical Engineering Department.

Modifications

and improvements are incorporated into the design whenever
they are felt to be necessary or desirable.

The cloud

chamber will be used to study the phenomena observed by
Dawbarn and other similar phenomenon.

Special care will

be taken to verify Dawbarn's observations that the halo
effect involves re-evaporation nuclei and that the halo
of drops propagates from the center of the chamber.

Also,

experiments will be performed in an attempt to discover if
there is a critical field value at which the halo effect
begins.

In the course of these studies many other experi-

ments are certain to suggest themselves.

2

II

INTRODUCTION

A.

Saturated Air and Supersaturation
If a container is partially filled with water and

then tightly closed, an equilibrium will be established
wherein the number of water molecules evaporating from the
liquid surface will equal the number that are condensing
back onto the

sur~ace.

Under this equilibrium condition,

the mixture of air and water vapor above the water surface
is referred to as saturated air.

A state of supersatura-

tion exists in an air-water vapor mixture whenever the
amount of water vapor present exceeds the equilibrium
amount.
If es represents the partial pressure of water vapor
in saturated air and e represents the partial pressure of
water vapor in supersaturated air, then the supersaturation
ratio, S, of the supersaturated air is given by e/e s and
the percentage of supersaturation is given by:
e-e s

100%

Both of these quantities are measures of the degree of
supersaturation.

B.

The Expansion Cloud Chamber
An expansion cloud chamber is a device used to create

3
a condition of supersaturation in a gas-water vapor mixture.
·rhe cloud chamber used in the present study is shown in
figure 1.

The chamber has two distinct compartments, sep-

arated by a rubber diaphragm.

The upper portion of the

chamber is a closed container and is partially filled with
water.

If the rubber diaphragm is left in any one position

for several minutes the air in the upper portion of the
chamber becomes saturated with water vapor.

The water level

can be raised or lowered by changing the position of the
rubber diaphragm.

This is accomplished by opening the

lower portion of the chamber to either a vacuum or compressed air through a valving system described later.

In

this way expansions and compressions of the air-water vapor
mixture in the top portion of the chamber can be produced.

C.

Thermodynamics of the Cloud Chamber
Figure 2 shows how a condition of supersaturation is

produced by an adiabatic (no heat exchange) expansion of
saturated air.

Initially the air contained in volume

v1 ,

is saturated with water vapor at the ambient temperature T 1 •
There is a mass of vapor, 11 , -oresent in the initial vo1u_me,
1

v1 ,

having a density

f?1

= ~ ;v 1 • called the saturation

1

vapor density at T • A sudden adiabatic expansion causes
1
the volume to increase to v2 , and the pressure and temperature to decrease to p

2

and T 2 according to the adiabatic

law:
( 1)
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Creation of Supersaturation in Air and Water Vapor by means of an
Adiabatic Expansion
i..TI

Immediately after the

exp~nsion,

the initial mass of vapor

is distributed in the final volume, v , and the new vapor
2
density is 2 = M /v • During the expansion, the vapor
1 2

p

pressure decreases from p 1 to p 2 along an adiabatic curve
according to equation 1 but the saturation vapor pressure
decreases by a larger amount, as seen in figure 2.
solid curve is the

equilibriu~

The

vapor pressure curve drawn

from data given in the International Critical Tables 2 , and
the dotted curve describes the conditions of the adiabatic
expansion.

The excess vapor is in a metastable state and

has a tendency to condense out.
When an adiabatic expansion is produced in a cloud
chamber, the initial temperature, T 1 , and the initial and
final total pressures of the air-vapor mixture, P 1 and P 2 ,
are all quantities that can be accurately measured.

From

this data, the final temperature, T 2 , can be calculated
from equation 1 using Richarz's Formula to find the ratio of
specific heats, ~ , for a gas-vapor mixture:

where

P
p

1

1
Pg

= initial total pressure of mixture

= initial partial pressure of vapor
= P 1 - p 1 = initial partial pressure

of gas

The supersaturation ratio is given by:
Pt,
s = -.~
p2
where

P2

is the saturation vapor pressure at T 2 found from

7

the vapor pressure tables.

D.

Types of Nucleation
Nucleation is that process by which small water drop-

lets form in a supersaturated gas.

Three distinct types of

nucleation are categorized according to the value of supersaturation ratio, S, at which they begin to occur.
Hetrogeneous nucleation is the formation of water
droplets on particulate matter.

Thls occurs for relatively

small values of supersaturation ratio

(S~1.0J);

a condi-

tion that is achieved in clouds in the atmosphere.
Nucleation on ions will occur for S > 4. 2.

Such a

large supersaturation ratio never occurs in the atmosphere
but can easily be produced in a cloud chamber.
In the absence of any particulate matter or ions,
spontaneous condensation will occur for S > 4. 8.

It is

assumed that spontaneous fluctuations ln the density of the
vapor give rise to clusters of vapor molecules which serve
as nucleation centers.

This phenomena is known as homo-

geneous nucleation.

E.

fie-evaporation Nuclei
When droplets are produced in the cloud chamber by

homogeneous nucleation and subsequently evaporated, it has
been found that the droplets do not completely evaporate
but that microscopic nuclei are left behind in the gasvapor mixture.

Their existence can be demonstrated by

8

producing a second expansion in the chamber having a
supersaturation ratio too small to cause any homogeneous
nucleation but large enough to cause the re-evaporation
nuclei to grow to a size where they can be photographed
and counted ( 1. 7 < S < 4. 2).

Smith.3 and Dawbarn 1 have stu-

died re-evaporation
nuclei and have shown that all droolets
.
~

that are formed by homogeneous nucleation and then evaporated form re-evaporation nuclei and can be "re-grown" to
visible size.

F.

The Halo Effect
In his study of re-evaporation nuclei Dawbarn

performed the following experiment. An axial copper probe
(long enough to be above the surface of the water as in
figure 1) was inserted into the center of the chamber and
connected to ground.
to plus 2500 volts.

The clearing field ring was connected
( ·rhe clearing field is normally con-

nected to plus 500-1000 volts and is left on until the
chamber begins an expansion to sweep out any ions in the
chamber.

The elimination of all ions is necessary to

produce pure homogeneous nucleation.)

The electric field

was turned on during an initial expansion producing homogeneous nucleation.

The droplets were evaporated by means

of a compression and then the field was turned off.

A

second expansion producing a supersaturation ratio of
approximately 2.0 was used to search for charged re-evaporation nuclei, but it yielded a count no different than

9
previous re-evaporation nuclei experiments.
When the experiment was repeated leaving the field on
through the second expansion, a pronounced halo of microscopic droplets appeared around the copper probe.

It was

discovered that in order to produce the halo effect it was
necessary to have the field on during the second expansion
only.

Since no halo effect was produced by having the

field on during the first expansion only, it was concluded
that the phenomena termed the halo effect does involve reevaporation nuclei.
The halo effect was found to be much more pronounced
if the second expansion was made to produce a supersaturation ratio near 5.0 rather than 2.0.
Dawbarn has noted that the halo of droplets seem to
propagate outward from the center of the chamber in a wave
like pattern.
As stated before, the long range purpose of the cloud
chamber project in the Electrical Engineering Department is
to verify Dawbarn's observations and study them further.

G.

The Disruption of Water Drops in the Presence of an

Electric Field
One possible explanation of what Dawbarn observed
could be that the re-evaporation nuclei disrupted in the
presence of the electric field.

Various investigators have

studied the disruption of individual water drops in an
electric field.

W.A. Macky

4 observed that water drops

10

elongate when allowed to fall through an electric field.
At a crittcal field strength the drop ruptures at one or
both ends.

Previous to Macky's work, Wilson and Taylor5

showed theoretically tha.t the critical field necessary for
disruption, E, the radius of the undistorted drop, R , and
0
surface tension, T, for an uncharged drop were related in
the following manner:

Ro

~

E (lf) 2

= constant

Macky's experimental data resulted in an approximate value
of the constant.

Thus, the equation for water drops (T=72)

becomes:

0

~

= 13.6

E (R )~

Latham and Abbas

6

(esu)

extended this work to charged water

drops and arrived at the following relationship:
l

E (R ) 2
0

= 13.6

- 8Q

This relation was verified by experiment and shown to be
accurate within 2%.

For both charged and uncharged drops.

the field required for disruption is very high, on the order
of many thousands of volts/em.
Latham and Roxburgh7 have s~udied pairs of identical
drops in an electrical field.

They have found that for a

pair of drops of undistorted radius, R 0 = O.Olcm., and a
separation of

x0 ,

that the critical field, E. required for

disruption ranged from a value of 18,340 v/cm. for

0.5

to a value of 6v/cm. for X0 /R 0

= 0.001.

x0 /R 0

Thus drops

will disrupt at a much lower value of external electric

=
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field if there is another drop close by.

The reason ror

this phenomena is that the ambient electric field is enhanced in the region between the two drops.

All of the

above work was done with drops that are quite a bit larger
(0.05-0.5cm •• radius) than droplets produced in cloud
chambers (lo- 4

- 10-3 em., radius).

It is hoped that the

cloud chamber can be used to extend this work to the
smaller droplets; to discover whether smaller droplets
disrupt in a way similar to larger ones or whether another
mechanism is involved.

H.

Instrumentation
In order to perform experiments with a cloud chamber

involving homogeneous nucleation, re-evaporation nuclei,
and such phenomena as the halo effect, it is essential to
have sophisticated instrumentation.

In order to produce

desired values of supersaturation ratio, it is important to
be able to precisely time an expansion of the chamber.

In

order to grow droplets produced in the chamber to a visible
size, it is necessary to maintain a certain level of supersaturation ratio in the chamber for several seconds.

This

can be done by maintaining a constant pressure in the chamber which is best done by an automatic servo system that
compensates for heat influx through the chamber walls during and after an expansion.

In order to calculate the

supersaturation ratio of a particular expansion it is
important to accurately measure the initial and final

12

pressure in the chamber.

In the past, cloud chamber in-

strumentation has been plagued by noise in a low level
signal, therefore it is desirable to take special care in
eliminating the sources of such noise.

The objective of

this work is to develop

that will be reli-

instr~entation

able, accurate, and well suited to perform the desired
experiments.
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III

MODIFICATIONS TO CHAMBER AND INSTRUMENTAriON

A.

The Valve Manifold
·rhe c loua chamber used in this work had previously

been used in searching for new nuclear particles and the
valving system was inadequate for experiments involving
nucleation and drop growth.

Consequently the old valve

A new

manifold was removed from the chamber and discarded.

manifold was built using two valves specially designed by
the Cloud Physics Laboratory at the University of MissouriRolla.

The valves are designed so that laminar flow is

maintained in the region near the orifice and so that they
would respond to a precisely timed operating voltage.
maximum aperture of the valve is

deter~ined

position of the plunger on the valve stem.

·rhe

by setting the
The fine apert-

ure adjustment limits the travel of the valve stem and is
used to reduce the aperture.

These two valves are used for

fast expanslons (vacuum) and fast compressions (pressure).
'rhey are operated by 35 v.d.c. and draw approximately 10
amperes.

Large 40 ampere diodes were mounted on the valves

and wired directly across them to absorb the inductive
voltage surge caused by the solenoid portion of the valve.
Reserve tanks were placed at each of these valves as shown
in figure

3.

A third valve was added to the valve manifold;

its

RESERVE TANK FOR
COMPRESSED AIR

AIR COMPRESSOR

PRESSURE VALVE

SERVO VALVE
BOT'TOM OF
CHAMBER

VACUUM VALVE
RESERVE TANK
FOR VACUUM

Figure 3

VACUUI~

PDr~P

The Valve Manifold
........

-+:-
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functions are described ln III-F.

B.

Plaster Casting
A

~laster

of paris casting was made to fit into the

lower portion of the chamber (see figure 1) to fill in some
of the air space there.

Reducing the volume of the lower

portion ln this way has the effect of decreasing the delay
between the time when one of the valves operate and the
time the diaphragm begins to move to a new position.

C.

The Pressure Transducer
A type 4-312 Pressure ·rransducer by Consolidated

Electrodynamics was mounted on the glass cylinder of the
chamber.

In order to eliminate problems associated with

noise in a low level signal (millivolts), a Burr-Brown 3061
differential amplifier was mounted in the immediate vicinity of the transducer to amplify its electrical output.

The

output of the differential amplifier was wired to the servo
amplifier to control the pressure in the chamber (see IIIF and G) and to a Century model 538-C DC amplifier and
Century model 447 Oscillograph to record the pressure in
the chamber.

Figures 4 and 10 are schematics of the pres-

sure transducer circuit and the related instrumentation
described above.

D.

The Digital Timing System
A digital timing system was built to replace the

Pressure
Transducer

Sv.
Suppl,y

Figure 4

Pressure Transducer Schematic

~

:)'\
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thyratron timers previously used with the chamber.

The

digital system proved to be much more flexible and convenient.
Figure 5 is a schematic of the multivibrator circuit
used for the clock in the digital system.

The clock was
Figure 6

designed to produce one pulse every 0.1 second.

shows how the output of the clock was wired to four decimal
binary counters {BCD 1 s) in series.

Each BCD produces one

pulse at the output for every tenth input pulse.

In this

way 10,000 clock pulses can be counted; this is designated
as one sequence.

The duration of one sequence is 1000 se-

conds or sixteen minutes and forty seconds.

Four 3CD to

decimal converters are wired to the four BCD's to obtain a
decimal readout from the clock, and this decimal readout is
wired to the program board.

In figure 6 the first (left-

most) BCD counts tenths of seconds, the second BCD counts
seconds, the third counts tens of seconds and the fourth
counts hundreds of seconds.

When the count reaches 999.9

seconds, the counter begins over again at zero.
was made so that the sequence could be started

Provision
m~nually.

The decimal readout from the BCD to decimal converters
{BCD/DEC 1 s) was such that nine of the wires remained at
logic 1 while the tenth wire is at logic 0.

For example,

if we label the wires from the BCD/DEC converter as in
figure 6, then at t=237.2 seconds, the wires labeled

200,3~

?, and 0.2 will all be at logic 0 while the remaining 36
wires will be at logic 1.

-7.2v.

-18v.
7.2v. Zener
Diode

2.2K

Figure 5

2.2K

JJ-JSK

2.2K

2.2K

Clock Circuit Schematic
_.

rn

Clock

3CD #1

BCD

3CD/DEC #1

0

0

•

~

Figure 6

0

•

\.()

BCD #3

#2

3CD/DEC #2

0

~

\.()

BCD #4

BCD/DEC ll3

0

BCD/DEC

~

\.()

0

0

0

\J\
0
0

#4

\.()
0
0

Die1tal Timer
~

-..!)
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Figure 7 is a schematic of a circuit that was duplicated six fold.

Six Nor gates were wired between the Lack

of the program board and a Function Flip-Flop (FFF) so that
it could be set and reset twice during a sequence by

makin~

the proper connections (via one of the plug-in program
boards) between the output of the 3CD/DEC converters and
the inputs of the Nor gates labeled 1

throu~h

4.

For ex-

ample, in order to set FFF #1 at t=237.2 seconds, wires

A,B.c. and D must be connected (via the plug-in board) to
the wires labeled 200,30.7, and 0.2.

In order to reset

FFF #1 at t=258.9 seconds, wires I,J,K, and L must be connected to the wires labeled 200,50,8, and 0.9.

Using gates

2 and 4, FFF #1 can be wired to set qnd reset a second time.
The FFF's set and reset on logic 0 and when a FFF is set,
the output is at

lo~ic

put is at logic 0.

1; when a FFF is at reset, the out-

Therefore FFF #1 will set only when A,

B,C, and D are all at logic 0 or when E.F.G. and H are all
at logic 0.

Likewise FFF #1 will reset only when I,J,K,

and L are all at logic 0 or when M,N,O, and P are all at

o.

logic

In the

di~ital

equipment used, logic 0 corre-

sponds to zero volts and logic 1 to -6 volts.

E.

Relay Driver Circuit
Figure

(RDC).

e

is a schematic of the Relay Driver Circuit

The complement of the output of each FFF (at logic

0 when the FFF is set; at logic 1 when the FFF is at reset)
was wired to the input of a RDC.

The RDC was designed so

21
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FLIP
FLOP

NOR Logic for Function Flip-Flops
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+12v.

TO

200

RELAY

50

TO CONPLEf'.1ENT
OF FFF OUTPUT

Figure 8

+J5v.

Relay Driver Circuit
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that when the input is at logic 0 (Ov.), the transistor is
saturated and the relay is energized; and when the input is
at logic 1 (-6v), the transistor 1s cutoff and the relay is
not energized.

F.

Servo Valve
The servo valve was added to perform three functions:

to bring the air-vapor mixture in the upper portion of the
chamber to an arbitrary "ready pressurett, to maintain an
arbitrary pressure in the air-vapor mixture immediately
after a fast expansion, and to produce slow expansions from
the fully compressed position.
1.

A "ready pressure" is chosen so that the initial pres-

sure and temperature of the gas-vapor mixture can be accurately duplicated by bringing it to the "ready pressure" at
tem~erature

room

before each experiment is performed.

The

servo system accomplishes this by comparing the amplified
electrical signal from the pressure transducer to an electrical signal from the Program..rned rleference Voltage (PRV)
which corresponds to the "ready pressure".
signa~s

i.fhen the two

differ the servo valve changes the pressure ln the

chamber until they coincide.
2.

During a fast expansion, the pressure inside the cham-

ber decreases very quickly.

Very

~hortly

after the end of

the fast expansion, the pressure begins to slowly rise
a~ain

walls.

due indirectly to heat influx through the chamber
It can be seen from figure 2 that a fast expansion
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lowers the temperature of the gas-vapor mixture, while the
walls of the chamber remain at room temperature.

Thus im-

mediately after the fast expansion, which lasts on the
order of ~ second, heat flo1ors into the chamber through the
walls.

This heat warms the gas near the walls causing it

to expand which compresses the gas near the center of the
chamber.

The effect of this is to increase the pressure

and temperature at the center of the chamber long before
there is heat flow by conduction there.

Prompted by the

proper electrical signal (which corresponds to an arbitrary
constant pressure) from the PRV, the servo system can maintain the pressure at the center of the chamber by producing
a slow expansion which will begin immediately after the
fast expansion ends.

The purpose of maintaining the final

pressure after the fast expansion is to prolong the time
during which there is sufficient and known supersaturation
to allow drop growth.

3.

A short fast compression followed by a slow expansion

back to "ready pressure" can perform two functions.

If the

expansion is at a rate that produces a supersaturation sufficient to grow droplets ( 1. 7 < S < 4. 0) the cycle serves as a
cleaning cycle.

Any drops or nucleation centers in the

chamber are grown until they fall out of the gas-vapor
mixture.

If the expansion is slow enough so that a condi-

tion of supersaturation is not produced, then the cycle
serves to return the gas-vapor mixture to "ready pressure"
and room temperature isothermally without cleaning the
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chamber.

Figure 9 shows a number of pressure profiles that

are possible using the servo system.
re;)resents an

ex~ans

Part a) of figure 9

ion which produces a supersaturation

ratio of approximately

5.0

immediately followed by a short

com"?ression which cuts the supersaturation ratio doNn to a
value of about 2.0.

This cycle produces a few droplets

and then allows them to grow to a visible size without producing any additional droplets.

Part b) represents a cycle

that generates drops but does not allow them to grow.

Part

c) represents a cycle that produces a supersaturation ratio
sufficient to grow droplets on existing nuclei and is the
cycle used to search for re-evaporation nuclei.
represents a cleaning cycle.

Part d)

The slow expansion from the

fully compressed position creates a supersaturation ratio
sufficient to grow any existing nuclei or droplets to the
point where they fall into the liquid.

At the end of the

cycle the chamber is clear and at ready pressure.
represents an isothermal return to ready pressure.

Part e)
This

cycle does not cause the air-vapor mixture to become supersaturated and returns the chamber to ready nressure without
cleaning it.

A typical experiment involving re-evaporation

nuclei might use the sequence of cycles d),a),e), and c).
A block diagram of the entire servo system is shown in
figure 10.

The pressure gauge is connected directly to the

top portion of the chamber and is used to calibrate the
Century recorder.
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Figure 9 Pressure Profiles of Various Cycles Used In
Cloud Chamber Experiments
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G.

Programmed Reference Voltage (PRV)
The additional logic shown in figure 11 was wired to

drive a stepping relay.

The inputs to ten Nor gates (4

inputs per gate) were wired to the program board; their
outputs were wired to the inputs of a ten input Nor gate.
The output of this last Nor gate drives the RDC of the
stepping relay.

When all four inputs of one Nor gate (say

A,B,C, and Don 1) are at logic
gate 11 will also be at logic
will advance 1 position.

11

11

0 11 , then the output of i'!or

0 11 and the stepping relay

The relay will advance again when

E,F,G, and H are all at logic

11

0 11 •

In this way, we can

program the patch board so that the stepping relay advances
as many as ten times during a sequence.

A switch was in-

cluded so that the relay could be advanced manually.
The contacts of the stepping relay are wired to the
various reference voltages which are sent to the servo amplifier at the proper time in the sequence.
Figure 12 is a schematic of the PRV.
tacts
relay.

~hown

All of the con-

on the schematic are contacts on the stepping

Pots A,B,C, and Dare termed "level" pots.

When

the stepping relay is in a position such that contact C ls
\

at one of the level pots and contact D is at amplifier A,
a constant voltage is at the input to the servo amplifier
which causes the servo valve to bring the diaphragm into a
position such that the pressure in the upper portion of
the chamber remains at a constant value determined by the
setting of the level pot.

The inclusion of more than one
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J1
pot makes it possible to have different pressure levels
available during an experiment.

If any one level is needed

more than once during an experiment, the wiper arm of the
pot is wired to additional contacts on the stepping relay.
Am?llfier A is a Burr-3rown 3061 differential amplifier and
is used primarily to eliminate 60 cycle noise and to elevate the signal so that the input to the servo amplifier
can be measured in volts.
Pots E and F are termed "sweep" pots; their setting
determines the rate at which the capacitor discharges
across the Burr-Brown 3010 chopper stabilized amplifier.
The purpose of the circuit is to produce a

ra~p

voltage at

the input of the servo amplifier which causes the servo
valve to slowly lower the pressure in the chamber (slow
expansion).

Two different rates are desirable, one for a

cleaning cycle (S

~

2) and one for isothermal return to

ready pressure (3=1).

Contacts A and B connect the capa-

citor to the proper initial condition and then to the 3010
amplifier when the slow expansion is desired.

Level D was

used exclusively as the level from which all slow expansions were begun.

H.

Lead Compensation Circuit
In the past, the servo system of a cloud chamber has

made use of a signal from a pressure transducer mounted in
the lower portion of the chamber.

This procedure provided

a means of anticipating a pressure change in the top of the
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chamber.

It is desirable to accomplish this

usi~

electric

circuitry since it eliminates the need of one of the pressure transducers and since it greatly simplifies altering
the response of the servo system to a change in pressure.
Consequently, the same signal is used for regulating the
pressure as is used for recording the pressure.
compensation circuit is shown in figure 13.

The lead

The circuit

changes the response of the servo system in four ways; 1)
the overshoot is reduced (see figure 14), 2) the rise time
is increased, 3) the steady state error is reduced, and 4)
the settling time is reduced.

I.

Flash Lamp
A flash lamp needed for taking pictures and a high

voltage supply to operate it were provided with the cloud
chamber.

This equipment was left intact.

the flash lamp circuitry is shown in figure

A schematic of

15.
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IV
CONCLUSION

The instrumentation for an expansion cloud chamber
has been designed and built.

Digital equipment has been

used for timing, replacing thyratron timers previously
employed in cloud chamber instrumentation.

A servo system

has been dAsigned making use of an electric "predictor".
This should result in a more flexible and stable servo
system.

Sources of noise and voltage surges have been

eliminated.

Provisions for recording the pressure inside

the chamber have been made.
The cloud chamber 1-1111 be used to perform experiments
.1l;'",,-.0 at investigating the effect of an Alectric field on

very small water droplets.

First of all, an attempt will

be made to verify Dawbarn's observations.

If this is suc-

cessful. there are many variations of his basic experiment
that would be of great interest.

It appears that Dawbarn

observed a halo s imrlly because of the
electric field.

~eometry

of the

It would be of interest to change the

geometry of the field to two parallel plates and to see
what effect this has.

It would be helpful to determine

whether the effect is dependent on the polarity of the
field and if there is a critical field t..rhere the effect begins.

Using different host gases in the chamber (other

than air) might indicate whether the halo effect is caused

3'7
by corona.
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